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Evidence for lower crustal foundering has been derived from petrological analyses of crustal rocks, the composition of lower crustal xenoliths, seismic imaging, and uplift patterns in a number of geologic settings (S1-S4). The dimension of the instabilities used in our modeling is based on geochemical analyses of island arc crust. High density cumulates from island arc settings are essentially of two types: relatively Fe-rich pyroxenites, which are denser than mantle peridotite over a broad range of pressuretemperature conditions (S5, S6), and gabbroic rocks that become denser than peridotite when high pressure and low temperature combine to stabilize garnet. In practice, because abundant pyroxenite is unlikely to crystallize at low pressure, both of these lithologies are -3-restricted to depths greater than 25-30 km (S7). Thus, arc crust must evolve to be thicker than ~25 km before foundering occurs.
Once instabilities separate from the base of the crust their shape can be approximated as spheres with a volume equal to that of the source layer. Geochemical mass balance calculations suggest that foundering removed a total of ~10 km of cumulate lower crust from the base of the accreted Talkeetna island arc section (S3, S4) . To estimate instability size based on this cumulate volume, we must consider the spacing of the instabilities and the relative rates of accretion and removal. The gravitational instability associated with foundering results in a characteristic spacing controlled by the thickness of the dense cumulate layer and the viscosities of the lower crust and upper mantle. For typical arc conditions the preferred along-arc spacing of downwellings is 30-50 km (S6).
Based on the intersection of curves for the rate of magmatic growth and the time-scale for instability growth in Figure 4 , we estimate that the dense layer will growth to a thickness of at least 2 km before becoming unstable. This implies as many as five such foundering events (or fewer larger ones) must have occurred during the time that the arc crustal thickness was greater than ~25 km (~10 Myr based on a total arc duration of 20 Myr (S8)). In summary, by assuming an instability spacing of 40-km, a 2-km thick source layer, and a 30-km across-arc source width (corresponding to the width of igneous accretion in arc lower crust), we conservatively estimate instability diameters of 16-km.
We note that foundering is not the only potential source of buoyancy in arc settings.
For example, the regular spacing of volcanoes in island arcs might result from RayleighTaylor instabilities rising off the subducting slab (S9). This style of instability could also generate 3-D flow in the mantle wedge, with volcanoes centered above rising diapers (S10). This mechanism requires a source of positive buoyancy near the top of the subducting slab, possibly due to the presence of melt, serpentine, or low density, subducted sediment (S4, S11). Calculations of mantle flow with a set-up similar to that shown in Fig. 2A , but with positively buoyant sphere, result in similar patterns of shear flow with a strong component of trench-parallel shear.
Figure S1: Instability time versus the wall-rock temperature at the Moho for a dense layer overlying a mantle half-space calculated after (S6) . The instability time is sensitive to the layer density, the thickness of the dense layer, and the relative viscosity contrast between the lower crust and upper mantle. Solid curves show instability times for layer thicknesses of 1, 3, and 10 km with a background strain rate of 10 -14 s -1 . Density contrasts of A) Δρ = 50 kg/m 3 and B) Δρ = 200 kg/m are appropriate for a cumulate layer composed of ultramafics and gabbronorites, respectively (S7). Calculations assume a viscosity ratio of 1 between the cumulate layer and the underlying mantle and exponentially decreasing mantle viscosity with depth (to account for the temperature dependence of viscosity). The initial perturbation amplitude is 33% of the total layer thickness (e.g., 1 km for a 3 km thick layer). For a steady-state Moho temperature of 800ºC and layer thicknesses of 1-10 km, the cumulate layer becomes unstable on timescales of 10 6 -10 7 yrs for ultramafic (A) and 10 5 -10 6 yrs for gabbroic (B) compositions. Figure  2 (downgoing slab velocity of 6 cm/yr and a instability density contrast of 50 kg/m 3 with respect to the surrounding mantle). Beneath the arc the magnitude of the trench parallel strain-rates associated with instability driven flow are similar to the magnitude of the trench perpendicular strain-rates caused by corner flow. The pattern of strain-rates will be identical for different densities and slab velocities, however the magnitude of the corner flow strain-rates will scale with slab velocity and the magnitude of instabilitydriven flow will scale with the density contrast.
